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A Chinese Verbal Inhibitory Control Task with Potential Clinical Application 
Chong Ka Man, Carmen 
Abstract 
Recent findings suggested a relationship between inhibitory control and language production in 
the aspect of language treatment outcomes (Yeung, Law, & Yau, 2009). The present study 
aimed at developing a modified version of the classic Stroop task, a verbal inhibitory control 
task without the requirement of verbal output, applicable to those with language and speech 
production problem i.e. aphasic patients. Normative data were collected from 50 
Cantonese-speaking Chinese in the classic and modified Stroop tasks and interference effects 
were found. The interference effects in the modified Stroop task confirmed an element of 
inhibition. This inhibitory-related process was proposed to be the Resistance to Distractor 
Interference and this highlighted its potential clinical application. In addition, the absence of a 
significant correlation in the interference effect size between the current modified Stroop task 
and the classic Stroop task was consistent with and indeed predicted by the account of different 
inhibitions-related functions.  
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A Chinese Verbal Inhibitory Control Task with Potential Clinical Application 
Executive functions can be defined as mental functions which organize, regulate and 
execute purposive behaviors enabling humans to solve problem for successful living (Hamilton 
& Martin, 2007). One of the critical components of executive processes is “inhibition”, a term 
defined by the ability to suppress interfering or irrelevant information (Friedman & Miyake, 
2004; MacLeod, 2005). Inhibitory control process has long been an essential explanatory 
element in mental functions like attention and working memory (Macleod, 1991).  
Recently, Hamilton and Martin (2007) showed that the inhibitory control deficits might 
underlie short-term memory impairment. Disruption to inhibition might account for language 
production deficits. Freedman, Martin, and Biegler (2004) reported the finding of interference 
effects in the naming semantically related pictures in individuals with deficits in semantic 
short-term memory. They proposed a role of inhibition in the rapid selection in semantically 
related representations within a semantic network during word retrieval. The findings of Yeung, 
Law, and Yau (2009) also converged on the relationship between inhibitory control and 
language production in the aspect of language treatment outcomes. Yeung et al. showed an 
adverse effect of inhibitory control deficits on the efficacy of a word retrieval treatment for 
anomic patients based on their performance on a nonverbal inhibitory control task, i.e. the 
Attention Network Test (ANT).  
Meanwhile, Hamilton and Martin (2005a) reported a dissociation between the 
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performance in verbal and non-verbal inhibitory control tasks in a stroke patient with 
semantic short-term memory deficits. This indicated the differentiation of components of 
inhibition into verbal and non-verbal modalities. As the findings in Yeung et al. was based 
only on the results of a nonverbal inhibitory control task, further investigation in aphasic 
patients‟ verbal inhibitory control abilities, and the relationship between these abilities and 
the language treatment outcome should be addressed. Therefore, the development of verbal 
inhibitory control tasks is of great importance. 
The Stroop task (Stroop, 1935) has been widely used in research on working memory and 
attention (MacLeod, 1991). In the classic Stroop task, participants have to name the ink color of 
the written color word stimulus. Typically, naming the ink color of the color word in the 
incongruent condition (e.g. saying „green‟ to the written word “RED” presented in green) is less 
accurate and slower than naming the ink color of a series of Xs or a neutral word in the control 
condition. This is known as the Stroop interference. In contrast, color naming is faster in the 
congruent condition (e.g. saying „green‟ to the written word “GREEN” presented in green) than 
in the control condition. This is known as the Stroop facilitation.  
Since 1965, more than 2,000 studies have examined the Stroop task and several theoretical 
approaches have tried to explain both Stroop interference and facilitation (MacLeod, 1991). In 
classic view, the relative-speed-of-processing explanation (e.g, Cattell, 1886; Dyer, 1973) was 
widely accepted. In their account, the response buffer can only hold a single word. Assuming 
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that the word reading process is automatic, this is typically faster than color naming process. 
Hence, the representation derived from the written word arrives and occupies the response 
buffer before the representation derived from the color. The time required to clear the buffer for 
representation of the name of color contributes to the Stroop interference. Dyer predicted that 
when the color was presented adequately before the word to be read, reverse interference effect, 
i.e. interference on word reading by an incongruent color should occur. This prediction was not 
supported in Glaser and Glaser (1982). In their study, no reverse interference effect was 
observed when they manipulated the stimulus onset asynchrony (SOA) with the presentation of 
color dots before the word stimulus to be named to compensate for the slower processing of 
colors. Besides, this explanation ran into difficulties in accounting for the Stroop facilitation in 
the congruent condition.  
To explain the absence of reverse Stroop interference and the presence of Stroop 
facilitation, Cohen, Dunbar, and McClelland (1990) proposed the relative-pathway-strength 
account in the framework of parallel distributed processing (PDP), which introduced 
“inhibition” as the explanatory element. This model suggests “selection through 
accumulation” (Roelofs, 2003). When one of the response units exceeds a threshold, a 
response is selected. Reading is assumed to be a more highly practiced skill than color 
naming such that stronger connections are developed in the reading pathway. The greater 
strength contributes to a stronger inhibitory or excitatory input to the response unit, which 
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explains why word reading has interference in color naming but not vice versa. Assuming 
that the processing of color naming and reading is in parallel, the response is faster in the 
congruent condition as the process in the reading pathway produces “excitatory input” to the 
response unit which decreases the time required to meet the threshold required. In contrast, in 
incongruent condition, the process in the reading pathway contributes “inhibitory input” to 
the response unit which increases the time required to accumulate enough activation from the 
color naming pathway to exceed the threshold. Hence, the influence of the reading pathway 
to the color naming pathway is restricted to the response unit and the reading pathway 
inhibits response execution. As a result, Cohen et al. (1990) viewed inhibition as a type of 
response competition.  
On the contrary, Macleod, Dodd, Sheard, Wilson, and Bibi (2003) argued that 
“inhibition” was unnecessary in the Stroop task and they suggested “the conclusion that 
inhibition is involved should be made after eliminating alterative accounts that can be argued 
to be the cause of interference” (p. 183). They suggested that inhibitory links in the Cohen et 
al. (1990) PDP model might not be necessary to explain the Stroop effect. They instead 
argued for Roelofs‟s (2003) account based on the WEAVER ++ model of word production. 
This word production model can explain the word retrieval processes in both word reading 
and color naming processes and can account for the Stroop interference.  
WEAVER++ model emphasizes a two-step lexical access of word retrieval which is 
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compatible to most theories of lexical access (e.g. Dell, 1986; Kempen & Huijbers, 1983). 
The first step of lexical access is the lemma access which is the mapping of the conceptual 
representation to a lemma, a non-phonological representation of a word associated with both 
the semantic and syntactic information. This step is followed by the phonological access 
which is the mapping of the lemma to the phonological representation. Word stimuli access 
their lemmas directly without going through the concept layer but not for non-verbal stimuli, 
i.e. color can only access indirectly through the concept layer. Therefore, color naming 
process involves the translation of the color stimulus into a conceptual representation, the 
lemma access from the conceptual representation, the phonological access and the final 
articulation of the color name, while the word reading process involves only the direct lemma 
access from the written stimuli, the phonological access and the final articulation of the word.  
In Roelofs‟s account, in WEAVER ++ model, facilitation and interference occur at the 
lemma layer. The activation of a distractor lemma for the written word results in a response 
competition when the system tries to retrieve the target lemma from the conceptual 
representation of the color. This contributes to the Stroop interference. In contrast, if the 
distractor lemma matches the target lemma, facilitation results. Although Macleod et al. 
(2003) suggested that Roelofs‟s account was free of “inhibition”, according to Hamilton and 
Martin (2005b), the production rule -- “If the goal is to say the name of the color, and input is 
received from a word, THEN block out the word input” (Roelofs, 2003, p. 101), could 
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reasonably be regarded as inhibition.  
Since then, “inhibition” has been the core element in different accounts for the Stroop 
effect that appeared in the past two decades and the Stroop task has been considered a verbal 
inhibitory control task. This task is available in Cantonese (Lee, Yuen & Chan, 2002) and is 
the only available verbal inhibitory control task used in Hong Kong. However, the classic 
Stroop task may not be applicable to those with language and speech production problem, e.g. 
aphasic patients. For instance, Wong and Law (2008) described a Cantonese-speaking aphasic 
participant who had impaired inhibitory control of non-verbal material but could not be 
assessed in the area of verbal inhibitory control. This was due to her naming deficits 
restricting her ability in participating in the verbal inhibitory task requiring oral responses. 
The lack of suitable assessment of verbal inhibitory for those with language and speech 
production highlights the importance of modification of the response modality of the classic 
Stroop task from oral to covert responses.  
The development of a modified Stroop task that does not require oral responses can help 
assess one‟s verbal inhibitory control regardless of one‟s verbal production ability. Such a test 
will have broader application as the application will not be restricted to only those without 
language production deficit. Given the potential significance of inhibitory control in language 
rehabilitation (Yeung et al., 2009), a verbal inhibitory control task may be included in 
language assessment, and its score may provide valuable information for designing language 
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rehabilitation programme for aphasic patients.  
For any modified version of the classic Stroop task, to examine its external validity, a 
significant correlation between the conflict effects in response time in the classic Stroop task 
and the modified one should be demonstrated. An initial attempt to develop a modified 
Stroop task in Chinese without oral response was made by Law (2008). The subjects have to 
decide in each trial if the ink color of a color word is consistent with the meaning of the word 
by pressing a response key, i.e. pressing “yes” for the word “GREEN” shown in green color 
and “no” for “GREEN” shown in red color. The interference was found. However, the 
conflict effect in response time did not correlate with the classic Stroop task. The failure in 
demonstrating the external validity of this modified version has motivated the present study. 
In the present modified Stroop task, a spoken color name is presented simultaneously 
with a written word in each trial, and the participant has to decide if the former matches the 
color of the written word by pressing a button. Different from the classic Stroop task, an 
auditory signal is involved and a spoken-word color matching is required. Although auditory 
input is additionally included in this modified task and oral response is changed to manual 
response, compared to the classic Stroop task, both tasks involved inhibition of distraction 
from the written word. On this basis, it was predicted that the conflict effect in the modified 
Stroop task would be correlated with that in the classic Stroop task.  
 In summary, the purpose of this study was to develop a version of the Stroop task 
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without requiring oral responses for Chinese speakers. Normative data were collected to 
investigate if the Stroop interference effect was present. The validity of the modified Stroop 
task was also investigated by correlating the size of the conflict effect in the modified Stroop 
task with the classic Stroop task.  
Method 
Participants  
Fifty undergraduates (25 males and 25 females) aged from 19 to 25 from local 
universities in Hong Kong participated in the study. All participants were native speakers of 
Cantonese without the history of color blindness, brain injury and hearing impairment.  
Materials and Design  
Classic Stroop task. The stimuli used in the present computerized version were the 
same as the Chinese version (CST) of the Stroop Color-Word Test (Victoria Version) 
developed by Lee et al. (2002). They were Chinese characters related to color including “紅” 
(red), “黃” (yellow), “藍” (blue) and “綠” (green), and unrelated characters including “問” 
(ask), “英” (outstanding), “走” (go) and “生” (birth), appearing in red, yellow, blue or green. 
The unrelated characters acted as the neutral words and were chosen from a database of high 
frequency Chinese words at a primary two reading level. The whole task consisted of 104 
trials in three conditions: (a) 36 congruent trials with the written color words matching the 
colors, e.g. “紅” (red) appearing in red, (b) 36 incongruent trials with the written color words 
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being mismatched with the colors, e.g. “紅” (red) appearing in green, and (c) 32 neutral trials 
with written neutral words appear in one of the four colors, e.g. “問” (ask) appearing in red. 
Modified Stroop task. The auditory stimuli, /huŋ4/ (red), /wɔŋ4/ (yellow), /lam4/ (blue), 
and /luk9/ (green), were spoken by a native Cantonese female speaker. The written word 
stimuli were the same as the classic Stroop task except for the neutral Chinese character. Only 
“問” (ask) and “英” (outstanding) were included in the task as there were a total of 12 
different combinations from four auditory signals and three colors (4x3) in the negative 
neutral character condition that each combination could only appear twice with two different 
neutral characters. The words “問” (ask) and “英” (outstanding) were chosen randomly from 
the neutral words used in the classic Stroop task. The modified task consisted of 144 trials in 
six conditions: (a) 24 positive neutral character trials with spoken color names matching the 
colors of the neutral words, e.g. color name /huŋ4/ (red) was presented with the neutral word 
“問” (ask) appearing in red, (b) 24 negative neutral character trials with spoken color names 
being mismatched with the colors of the neutral words, e.g. color name /huŋ4/ (red) was 
presented with the color word “問” (ask) appearing in green, (c) 24 positive same character 
trials with spoken color names matching both the words and the colors, e.g. color name 
/huŋ4/ (red) was presented with the color word “紅” (red) appearing in red, (d) 24 negative 
same character trials with spoken color names matching the color words but being 
mismatched with the colors, e.g. color name /huŋ4/ (red) was presented with the word “紅” 
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(red) appearing in green color, (e) 24 positive different character trials with spoken color 
names matching the colors of the words but being mismatched with the color words, e.g. 
color name /huŋ4/ (red) was presented with the word “綠” (green) appearing in red color, (f) 
24 negative different character trials with spoken color names being mismatched with both 
the color words and the colors of the words, e.g. color name /huŋ4/ (red) was presented with 
the word “綠” (green) appearing in yellow. “Yes” responses were expected in all positive 
trials while “No” responses were expected in all negative trials.  
Procedure  
Both the classic and modified Stroop tasks were done in a single session. All participants 
were individually tested in a sound-proof room. The classic Stoop task was done before the 
modified one in 27 participants, while the rest did the modified task first. In both tasks, an 
E-prime programme presented the written stimuli on a Fujitsu-brand laptop color screen. 
Classic Stroop task. The participant was seated in front of the screen and a microphone 
was connected to a voice key to collect vocal latency between stimulus onset and response 
onset. The distances of the screen and the microphone from the participant were 
approximately 50 cm and 10 cm respectively. The participants were asked to verbally name 
the color of the word as accurately and quickly as possible, with response time measured by 
the voice key. Six practice trials were administered followed by one block of experimental 
trials. In each trial, participants saw a centered fixation signal „xxxx‟ on a white screen for 
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700 msec followed by a blank screen for 50 msec. Followed was the written stimulus, which 
remained visible on the screen until the participants responded for a maximum of 3000 msec. 
The next trial began 500 msec later with the presentation of the fixation point. The 104 trials 
were presented in different randomized orders across participants. Each participant‟s response 
was charted by the experimenter for accuracy. 
Modified Stroop task. The participant was seated in front of the screen and earphones 
were worn for receiving the auditory stimuli. A response box was connected to the laptop to 
collect latency and accuracy data. The participants were asked to decide if the auditory 
stimulus matched the color of the written word stimulus and respond by pressing either the 
“Yes” or “No” key on the response box as accurately and quickly as possible. Six practice 
trials were administered followed by two experimental blocks. In each blocks, 12 trials of 
each conditions were involved with a total of 72 trials. The number of trials of each 
sound-color-character combination in each condition was the same in each block. The trials 
in each block were presented in different randomized orders across participant. In each trial, 
participants saw a centered fixation signal „xxxx‟ on a grey screen for 500 msec followed by 
a blank screen for 500 msec. Followed was the simultaneous presentation of the auditory 
stimulus and the written word stimulus. The written word stimulus remained visible on the 
screen until the participant responded for a maximum of 1500 msec. The next trial began 750 
msec later with the presentation of the fixation point. Between the two experimental blocks, 
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the participant could get a short break.  
Data analysis 
Response time and error rate data of both the classic and modified Stroop tasks were 
submitted to by-subject and by-item analysis of variance with conditions involved in each 
task as the main factor i.e. congruent, incongruent and neutral condition in the classic Stroop 
task; positive same character, positive different character, positive neutral character, 
negative same character, negative different character and negative neutral character 
conditions in the modified Stroop task. The one-way repeated ANOVA test with the 
Geisser-Greenhouse correction and one-way ANOVA test were used in by-item and 
by-subject analyses respectively. Post hoc tests with adjustment for multiple comparisons 
using the Bonferroni method were done between the conditions in the two tasks to test for the 
interference and facilitation effects. In the classic Stroop task, the interference effect was 
tested by the mean difference in response time between incongruent and neutral trials while 
the facilitation effect was tested by the mean difference in response time between congruent 
and neutral trials. In the modified Stroop task, to be comparable to the classic Stroop task, the 
response latencies of the neutral trials were used as baselines. Hence, the interference effects 
were tested by the mean differences in response time between positive different character 
trials and positive neutral character trials, between negative same character trials and 
negative neutral character trials, and between negative different character trials and negative 
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neutral character trials. Besides using the neutral trials as baselines, the interference effects 
were also tested by mean difference in response time between positive same character trials 
and positive different character trials, and between negative same character trials and 
negative different character trials to investigate the effects of written word distractors sharing 
the same semantic category on both response time and error rates. The facilitation effects 
were tested by the mean difference in response time between positive same character trials 
and the positive neutral character trials. Finally, to demonstrate the external validity of the 
modified Stroop task, the Pearson correlation was conducted between the significant 
interference effects found in the classic and modified Stroop tasks. 
Results 
Classic Stroop Task 
The exclusion criteria for performance on the classic Stroop task were set to be at least 
23 trials out of 36 trials in congruent and incongruent conditions, and 21 trials out of 32 trials 
in the neutral condition to guarantee above-chance level performance. As all participants‟ 
performance met the above requirement, their data were included in the analysis hereafter. 
Response latency. For all response time analyses, incorrect responses were excluded. 
Incorrect responses included wrong response words, triggering the voice key by a non-speech 
sound and a failure to respond within the designated 3000 msec interval after the target 
presentation. Group means of response latency were calculated across the trimmed-mean 
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latencies of each participant in each condition. Any trial that exceeded the participant‟s mean 
response time in a particular condition by more or less than three standard deviations was 
eliminated; as a consequence, 1.5% of data were removed. 
Participants‟ mean response times in the three experimental conditions are presented in 
Table 1. A significant main effect of congruency was revealed in by-subject, F1 (1.479, 
72.485) = 200.16, ηp
2 
= .803, p < .001, and by-item, F2 (2, 101) = 293.97, ηp
2 
= .853, p < .001, 
analyses respectively. 
Interference effects. The mean difference in response time between incongruent and 
neutral trials was statistically significant both by-subject, p <.001, and by-item, p <.001, 
analyses, indicating responses on incongruent trials were slower than on neutral trials with an 
interference of 124 msec.  
Facilitation effects. The mean difference in response time between congruent and 
neutral trials was statistically significant both by-subject, p <.001, and by-item, p <.001, 
analyses, indicating responses on congruent trials were faster than on neutral trials with a 
facilitation of 48 msec. 
Error rate. Participants‟ mean error rates in the three conditions are presented in Table 1. 
The error rate averaged 3%. A significant main effect of congruency was revealed in 
by-subject, F1 (1.466, 71.827) = 41.59, ηp
2 
= .459, p < .001, and by-item, F2 (2,101) = 39.71, 
ηp
2 
= .440, p < .001, analyses respectively. Only the mean difference between incongruent 
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and neutral trials was statistically significant both by-subject, p <.001, and by-item, p <.001 
indicating responses on incongruent trials were less accurate than on neutral trials.  
Table 1.  
Mean response latencies (in milliseconds) and error rates (%) in the classic Stroop task 
Modified Stroop Task 
 Two participants (both males) out of the 50 did not meet the minimum performance 
criteria in all conditions. The minimum score in each condition was set to be at least 17 trials 
correct out of 24 trials to guarantee above-chance level performance. Therefore, the data from 
these two participants in the modified Stroop task were excluded from the analysis.  
Response latency. For all response time analyses, incorrect responses were excluded. 
Group means of response latency were calculated across the trimmed-mean latencies of each 
participant in each condition. Any trial that exceeded the participant‟s mean response time in 
a particular condition by more or less than three standard deviations was eliminated. As a 
result, 1.25% of data were removed. 
Conditions 
Latency (msec) Error rate (%) 
M SD M SD 
Congruent 596 75 1.1 2.01 
Incongruent 768 115 6.0 5.58 
Neutral 644 80 1.2 2.67 
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The mean response times by the six experimental conditions are presented in Table 2. A 
significant main effect was revealed in by-subject, F1 (3.329, 156.442) = 97.722, ηp
2 
= .675, p 
< .001, and by-item, F2 (5, 138) = 81.487, ηp
2 
= .747, p < .001, analyses respectively. 
Interference effects. Significant interference effects were assessed using relevant neutral 
trials as the baselines. Responses on positive different character trials were significantly 
slower than positive neutral character trials with an interference of 81 msec in both 
by-subject, p < .001, and by-item, p < .001. Responses on negative same character trials were 
significantly slower than negative neutral character trials with an interference of 57 msec in 
both by-subject, p <.001, and by-item, p <.001. Responses on negative different character 
trials were significantly slower than negative neutral character trials with an interference of 
21 msec in the by-subject analysis, p = .048, but not by-item, p = .377. Significant 
interference effects were also found between positive same character trials and positive 
different character trials both by-subject, p < .001 and by-item, p < .001, indicating responses 
on positive different character trials were significantly slower than positive same character 
trials with an interference of 112 msec, and between negative same character trials and 
negative different character trials both by-subject, p < .001 and by-item, p < .001, indicating 
responses on negative same character trials were significantly slower than negative 
difference character trials with an interference of 32 msec. 
Facilitation effects. The mean difference in response time between positive same 
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character trials and positive neutral character trials was significant in the by-subject analysis, 
p < .001 but not by-item, p = .054, indicating responses on positive same character trials 
were significantly faster than on positive neutral character trials with a facilitation of 31 
msec. (See Appendix A for detailed post hoc results for all comparisons.) 
Error rate. Participants‟ mean error rates are presented in Table 2. The error rate 
averaged 4% for participants. A significant main effect was revealed in by-subject, F1 (2.41, 
118.088) = 68.922, ηp
2 
= .584, p < .001, and by-item, F2 (5,138) = 42.427, ηp
2 
= .606, p < .001, 
analyses respectively. For the five contrasts that yielded significant interferences in response 
latency, four of them showed significant mean differences in error rate. Positive different 
character trials had a significantly higher error rates than positive neutral character trials, 
both by-subject, p < .001, and by-item, p < .001; negative same character trials had a 
significantly higher error rates than negative neutral character trials by-subject, p < .001 but 
not by-item, p = .033; positive different character trials had a significantly higher error rates 
than positive same character trials both by-subject, p < .001, and by-item, p < .001, and 
negative same character trials had significantly higher error rates than negative different 
character trials, both by-subject, p < .001, and by-item, p <.001. For the condition that 
yielded a facilitation effect, the mean error rates in the positive same character trials were 
significantly lower than that in positive neutral character trials by-subject, p < .001 but not 
by-item, p = 1.00. (See Appendix B for detailed post hoc results in all comparisons.) 
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Table 2 
Mean response latencies (in milliseconds) and error rate (%) in the modified Stroop task 
Validation of the Modified Stroop Task 
Pearson correlation coefficients were calculated between the significant interference 
effects in the modified Stroop task using neutral trials as the baselines and the Stroop 
interference in the classic one, i.e. difference in mean response time between the incongruent 
and neutral conditions. The Person correlations were low (.17 or smaller) and insignificant in 
all comparisons, all p < .05. 
Summary of findings 
Significant interference and facilitation effects were found in the classic Stroop task. In 
the modified Stroop task, interference effects on response latency were found for the positive 
Conditions 
Latency Error rate (%) 
M SD M SD 
Positive Same Character 575 70 0.83 1.68 
Positive Different Character 687 93 13.92 8.69 
Positive Neutral Character 606 70 2.42 3.38 
Negative Same Character 729 104 4.92 5.30 
Negative Different Character 693 101 1.08 2.02 
Negative Neutral Character 672 86 1.83 3.17 
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different character, negative-same character and negative-different character conditions, and 
a facilitation effect was found for the positive same character condition, in comparison with 
the control conditons. Besides, interference effects were found in the contrasts between the 
positive same character and positive different character conditions, and between the negative 
same character and negative different character conditions. The interference effects found in 
the modified Stroop task confirmed an element of inhibition in the task. Nevertheless, there 
was an absence of a relationship in interference effect size between the modified Stroop task 
and the classic Stroop task.  
Discussion 
Stroop Interference in the Classic Stroop Task 
A significant Stroop interference was found in the incongruent condition as in other 
studies on Stroop task (e.g. Glaser and Glaser, 1982; Kane & Engle, 2003). In the task, the 
robust habitual word reading process must be suppressed with the goal maintenance on color 
naming. Considering different stages of information processing, the task involves inhibition 
at the output level. The phonological representations derived from color naming and word 
reading processes respectively compete with each other. The time-consuming competition 
resolution is reflected in the longest latencies found in the incongruent condition.    
Interference Effects in the Modified Stroop Task 
Significant interference effects were found in the positive different character, negative 
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same character and negative different character conditions using relevant neutral conditions 
as baselines. In these conditions, suppression on both semantic and phonological information 
of the written stimuli is of prerequisite to give correct judgment on the compatibility of the 
spoken color name and the color of the written stimulus. For instance, in a positive different 
character trial with the spoken color name /huŋ4/ (red) presented with the written word “綠” 
(green) appearing in red color, one is required to ignore both the phonological form /luk9/ 
(green) and the semantic information “green color” of the written word “綠”. Similar 
suppression is proposed in the negative same character and negative different character trials. 
The process of compatibility judgment occurs once the information has entered the working 
memory and it is proposed to be in the perceptual stage and at a more intermediate level. 
In addition, significant interference effects were also found in the contrast of average 
response latencies between the positive same character and positive different character 
conditions and between negative same character and negative different character conditions. 
In the task, the auditorially presented colors are compatible with the color of the written 
words in the two positive conditions but not in the two negative conditions. The written word 
stimuli involved are of the same semantic category i.e. color. Hence, in each comparison, the 
two conditions specifically differ in the phonological form of the written words. Taking the 
negative same character trial with color name /huŋ4/ (red) presented with the color word 
“紅” (red) appearing in green and negative different character trial with color name /huŋ4/ 
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(red) presented with the color word “綠” (green) appearing in yellow as examples, “紅” (red) 
and “綠” (green) in the negative same character and negative different character trials 
respectively are both under the semantic category of “color”. However, they differ in the 
phonological form that “紅” (red) is pronounced as /huŋ4/ which is in congruent with the 
auditorially presented color name and “綠” (green) is pronounced as /luk6/ which is 
incongruent with the auditorially presented color name.  
The significant difference in average response latency between positive same character 
and positive different character conditions suggests that when the auditorially presented color 
name is compatible with the color of the written word but being mismatched with the 
phonological information of the written stimulus, a significantly longer latency was induced. 
In addition, although both negative same character and negative different character 
conditions resulted in significant interference effects, the negative same character trials had 
longer response latencies than the negative different character trials. This suggests that when 
the auditorially presented color name is incompatible with the color of the written word but 
being matched with the phonological information of the written stimulus, a greater 
interference was found. Hence, to conclude, the phonological information of the written word 
can particularly act as the distractor in the present modified task.  
Insignificant Correlation between the Classic and Modified Stroop Tasks 
Although interference effects were found in both the classic and modified Stroop tasks, 
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there was an absence of correlation in interference effect sizes between the two. 
 One interpretation of the results is based on the taxonomy of conceptually distinct 
inhibition-related processes suggested by Friedman and Miyake (2004). The insignificant 
correlation may be taken to indicate that the inhibitions underlying the classic and modified 
Stroop task are different and separable. As mentioned before, the classic Stroop task involves 
the suppression of the robust habitual word reading process that makes the inhibitory-related 
process reasonably be regarded as the Prepotent Response Inhibition, which is defined as “the 
ability to deliberately suppress dominant, automatic, or prepotent responses” (Friedman & 
Miyake, 2004, p.104). While the present modified task does not involve any habitual or 
well-trained ability such as word reading, but the suppression of the phonological and 
semantic information of the written word is a prerequisite; in other words, Resistance to 
Distractor Interference, which is defined as “the ability to resist or resolve interference from 
information in the external environment that is irrelevant to the task at hand” (Friedman & 
Miyake, p.104) is proposed. Therefore, with the different proposed inhibitory function 
involved in each task, the present insignificant correlation is consistent with the view of 
separable inhibition-related processes into Resistance to Distractor Interference and 
Prepotent Response Inhibition. 
 The conceptual distinctions of the inhibition-related functions correspond roughly to 
different stages of information processing. The Resistance to Distractor Interference seems to 
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be referring to the initial perceptual input stage of processing that distractor information must 
be suppression with the selection of relevant information while the Prepotent Response 
Inhibition seems to refer to a later output stage of processing that the relevant response must 
be selected with the ignorance or suppression of irrelevant response (Friedman & Miyake, 
2004). The modified Stroop task taps the suppression of distraction during matching process 
between the auditory signal and color of the written word, which is proposed to be at the input 
and intermediate processing stage. While in the classic Stroop task, the response competition 
between the dimension of color naming and word reading which shared the same output 
modality is at the output stage. Obviously, even if there is a competition in giving response for 
either “yes” or “no” in the modified task, this response competition was different from what 
the classic task taps. Therefore, the different processing stages that the two tasks tap 
respectively may account for the insignificant correlation between their interference effects. 
To conclude, with different inhibition-related processes involved and different 
processing stages where the inhibitions occurred, the insignificant correlation found between 
the interference effect size of classic and modified Stroop task was not surprising.   
Clinical Implications 
The aim of changing the response modality from verbal to manual in the present 
modified Stroop task is to develop an applicable verbal inhibitory control task for those 
having speech and language problems that restrict and limit their ability to respond verbally. 
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As a result, although insignificant correlation was found between the interference effect size 
of the classic and modified Stroop task, this did not diminish the significance and the 
potential clinical application of the present modified Stroop task. This task is believed to tap 
one‟s verbal inhibitory ability to suppress phonological and semantic interference from a 
written word. To evaluate the clinical applicability of the present modified Stroop task, future 
recruitment of anomic individuals as participants is necessary. Besides, to further support its 
clinical application, similar to the study of Yeung et al. (2009), the present modified task may 
be involved in the initial assessment of an anomic treatment. This aims to investigate if there 
is a unique correspondence between the anomic individuals‟ performance on the present 
modified Stroop task and the treatment outcome. 
Limitations of Present Study and Further Research 
The comparisons between the positive same character and positive different character 
conditions and between the negative same character and negative different character 
conditions involved in the modified Stroop task suggested that phonological information 
alone could act as the distractor affecting the judgment on the compatibility between the 
spoken color name and the color of the written word. However, in the present design, no 
suitable comparisons could be made within six current conditions for investigation in the 
possible distraction from semantic information on top of phonological information. To 
resolve this problem, two extra conditions are suggested for further study on the present task. 
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They are positive homophone character and negative homophone character trials. In both 
conditions, written stimuli homophonous with the color names will be used, e.g. “熊” (bear) 
/huŋ4/, “皇” (king) /wɔŋ4/, “南” (south) /lam4/ and “六” (six) /luk9/ are the homophones of 
the color words “紅” (red), “黃” (yellow), “藍” (blue) and “綠” (green) respectively. In 
positive homophone character trials, the spoken color name matches the color and the 
pronunciation of the written word, e.g. color name /huŋ4/ (red) is presented with the word 
“熊” (bear) /huŋ4/ appearing in red color. For negative homophone character trials, the 
spoken color name matches the pronunciation of the written word but being mismatch with 
the color of the written word, e.g. color name /huŋ4/ (red) is presented with the word “熊” 
(bear) /huŋ4/ appearing in green color. Between the positive homophone character and 
positive same character trials and between the negative homophone character and negative 
same character trials, the lexical items involved share same phonological information and 
contrast only in the semantic categories they belong. Any interference effect found in these 
two contrasts may suggest the presence of distraction from semantic information from the 
written stimulus on top of the phonological interference.  
While the insignificant correlation between the classic Stroop task and the present 
modified Stroop task may be taken to support the separable inhibition-related function of 
Resistance to Distractor Interference and Prepotent Response Inhibition, this is incompatible 
with the results and conclusions in Friedman and Miyake (2004). In that study, a significant 
 A Chinese verbal     28 
 
correlation between Resistance to Distractor Interference and Prepotent Response Inhibition 
was found using Pearson correlation (.18). Although the correlation was significant, the 
correlation was actually low and was calculated from a rather large sample size (220 
participants). Hence, to have further investigation in the relation between the two 
inhibition-related processes and to further confirm our findings of the separation of the 
Resistance to Distractor Interference and Prepotent Response Inhibition, the present study 
may be replicated with a larger sample size. In addition, they also used the latent variable 
analysis as the statistical test to evaluate the relationship between different inhibitory-related 
processes on top of the Pearson correlation. In this analysis, the common variance was 
extracted from multiple tasks tapping the same underlying construct. Hence, in their study, 
three different inhibitory control tasks were employed to tap each inhibitory-related process 
respectively, totaling nine tasks. However, in the present study, as only one task is considered 
related to Resistance to Distractor Interference and Prepotent Response Inhibition 
respectively, the latent variable analysis is inapplicable to the present study.  
Conclusion 
Significant interference effects were found in the modified Stroop task that the inhibitory 
process “Resistance to Distractor Interference” is proposed. Investigations into the areas 
suggested above, as well as the present findings, should provide a more comprehensive 
understanding on verbal inhibitory control and its implications for language rehabilitation. 
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Appendix A 
Significant values of post hoc Bonferroni for the mean response time (in millisecond) in all 
conditions in the modified Stroop Task 
Conditions 1 2 3 4 5 6 
1  p1 < .001* 
p2 < .001* 
p1 < .001* 
p2 = .54 
p1 < .001* 
p2 < .001* 
p1 < .001* 
p2 < .001* 
p1 < .001* 
p2 < .001* 
2 p1 < .001*  
p2 < .001* 
 p1 < .001*  
p2 < .001* 
p1 < .001*  
p2 < .001* 
p1 = 1.00  
p2 = 1.00 
p1 = 1.00  
p2 = .719 
3 p1 = .001* 
p2 < .001* 
p1 < .001*  
p2 < .001* 
 p1 < .001*  
p2 < .001* 
p1 < .001*  
p2 < .001* 
p1 < .001*  
p2 < .001* 
4 p1 < .001*  
p2 < .001* 
p1 < .001*  
p2 < .001* 
p1 < .001*  
p2 < .001* 
 p1 < .001*  
p2 < .001* 
p1 < .001*  
p2 < .001* 
5 p1 < .001*  
p2 < .001* 
p1 = 1.00  
p2 = 1.00 
p1 < .001*   
p2 < .001* 
p1 < .001*  
p2 < .001* 
 p1 = .048* 
p2 = .318 
6 p1 < .001* 
p2 < .001* 
p1 =1.00  
p2 =.521 
p1 < .001* 
p2 < .001* 
p1 < .001*  
p2 < .001* 
p1 = .048*  
p2 = .318 
 
Note. 1 = positive same character; 2 = positive different character; 3 = positive neutral 
character; 4 = negative same character; 5 = negative different character; 6 = negative neutral 
character 
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Appendix B. 
Significant values of post hoc Bonferroni for the mean error rate (%) in all conditions in the 
modified Stroop Task 
Conditions 1 2 3 4 5 6 
1  p1 < .001* 
p2 < .001* 
p1 =.005* 
p2 = 1.00 
p1 < .001* 
p2 = .001* 
p1 = 1.00 
p2 = 1.00 
p1 = .404 
p2 = 1.00 
2 p1 < .001*  
p2 < .001* 
 p1 < .001*  
p2 < .001* 
p1 < .001*  
p2 < .001* 
p1 < .001*  
p2 < .001* 
p1 < .001*   
p2 < .001* 
3 p1 =.005* 
p2 = 1.00 
p1 < .001*  
p2 < .001* 
 p1 = .058  
p2 = .265 
p1 = .251  
p2 = 1.00 
p1 = 1.00  
p2 = 1.00 
4 p1 < .001*  
p2 = 1.00 
p1 < .001*  
p2 < .001* 
p1 =.058  
p2 = .265 
 p1 <.001*  
p2 = .002* 
p1 < .009*  
p2 < .033* 
5 p1 = 1.00 
p2 = 1.00 
p1 < .001*  
p2 < .001* 
p1 = .251   
p2 = 1.00 
p1 =.001*  
p2 = .003* 
 p1 = 1.00 
p2 = 1.00 
6 p1 =.404 
p2 = 1.00 
p1 <.001*  
p2 <.001* 
p1 = 1.00 
p2 = 1.00 
p1 = .009*  
p2 = .033* 
p1 = 1.00  
p2 = 1.00 
 
Note. 1 = positive same character; 2 = positive different character; 3 = positive neutral 
character; 4 = negative same character; 5 = negative different character; 6 = negative neutral 
character 
